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Abstract
We focus on a nonlinear supersymmetry (NL SUSY) in curved spacetime
introduced in the superon-graviton model (SGM) towards a SUSY composite
unified model based on SO(10) super-Poincare´ symmetry, and we consider for
N = 1 SUSY a systematic procedure to linearize the NL SUSY. By intro-
ducing modified superspace translations of superspace coordinates and their
specific coordinate transformations both depending on a Nambu-Goldstone
fermion, we show a homogeneous transformation’s law of superfields which is
important in the relation between linear (L) and NL SUSY. Furthermore, as
a preliminary to find a L supermultiplet which is equivalent to the N = 1 NL
SUSY SGM multiplet, we discuss on the realization of the modified super-
space translations in the construction of a supergravity-like multiplet in the
superspace formalism. In particular, we find constraints on a torsion and a
Lorentz transformation parameter in the superspace formalism to realize the
modified supertranslations.
∗e-mail: shima@sit.ac.jp
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Towards a supersymmetric (SUSY) composite unified model based on SO(10)
super-Poincare´ (SP) symmetry, a new Einstein-Hilbert (EH) type action which de-
scribes nonlinear (NL) SUSY invariant gravitational interaction of Nambu- Gold-
stone (NG) fermions indicating a spontaneous SUSY breaking (SSB) [1, 2] has been
proposed as superon-graviton model (SGM) of nature [3]. The EH type action of
SGM is defined on an extended curved (SGM) spacetime where the coset space
Grassmann coordinates of superGL(4R)/GL(4R) turning to the NG fermions (su-
peron) as the fundamental degrees of freedom (d.o.f.) are attached at every Riemann
spacetime point. Therefore, contrary to the simple EH expression of the SGM ac-
tion, the expansion of the action in terms of graviton and NG fermions possesses
a very complicated (highly nonlinear) and rich structure [4], which consists of the
EH action of general relativity (GR), the Volkov-Akulov (VA) action [6] for a NL
realization of SUSY and their interactions. This fact indicates that the vacuum ex-
pectation value (v.e.v.) of the SGM action in terms of graviton and the NG fermions
is different from that of the ordinary EH action of GR. In other words, a (geomet-
rical) SSB of the SGM action to the interacting system of graviton and the NG
fermions at the early universe is encoded in our SGM scenario. We have shown that
the SGM action has at least [global NL SUSY] ⊗ [local GL(4R)] ⊗ [local Lorentz] ⊗
[global SO(10)] invariances as a whole which is isomorphic to SO(10) SP symmetry
[4].
In order to investigate the low energy physics described by the SGM action, it
is inevitable to derive a linear (L) supermultiplet which is equivalent to the NL
SUSY SGM multiplet. In flat spacetime, the relation between two realizations of
global SUSY, the L SUSY [5] and the NL SUSY [6], was investigated through the
linearization of NL SUSY of VA by many authors [7]-[11]; it was shown that the
various L supermultiplets [12, 13] with the SSB [1] are algebraically equivalent to
the VA action [6] of NL SUSY.
In those works of the linearization of NL SUSY, it is important to find SUSY
invariant relations which express basic fields of the L supermultiplets as composites
of NG fermions and reproduce L SUSY transformations among them under the NL
SUSY transformation of NG fermions. The globally SUSY invariant relations in
flat spacetime can be obtained by heuristic or by systematic arguments. In partic-
ular, the systematic procedure in the superspace formalism, which was proposed in
[7, 9], is useful for passing from actions of the L supermultiplets to the VA action.
In this procedure, by means of specific supertranslations of superspace coordinates
depending on the NG fermion field, it is crucial to find superfields which transform
homogeneously according to superspace translations under the NL SUSY transfor-
mations of VA. Constraints which lead to the SUSY invariant relations are obtained
from the homogeneous transformaiton’s law of superfields [7, 9, 10].
However, the situation in SGM is rather different from the flat spacetime case,
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for the supermultiplet structure of the linearized theory of SGM remains unknown
except, e.g., for N = 1 SUSY it is expected to be a broken SUSY supergravity
(SUGRA)-like theory containing graviton and a (massive) spin-3/2 field. Neverthe-
less, towards the linearization of NL SUSY in SGM and also from the viewpoints of
the recent interest in NL SUSY in the brane world scenario, it is useful to consider
the application of the systematic procedure for linearizing NL SUSY in [7, 9] to
curved (SGM) spacetime.
In this letter we study the linearization of N = 1 SGM. We introduce modi-
fied superspace translations of superspace coordinates and their specific coordinate
transformations both depending on the NG fermion, and we show that they lead
to the homogeneous transformation’s law of superfields which is important in the
relation between L and NL SUSY. Furthermore, as a preliminary to find a N = 1 L
supermultiplet which is equivalent to the NL SUSY SGM multiplet, we also discuss
on the realization of the modified superspace translations in the construction of a
SUGRA-like multiplet by following the superspace formalism of Wess-Zumino (WZ)
[14, 15] for N = 1 SUGRA [16]. In particular, we find in this letter constraints on
a torsion and a Lorentz transformation parameter in the superspace formalism to
realize the modified supertranslations.
We start with the brief review of the N = 1 NL SUSY SGM multiplet [3, 4]. In
SGM, the global NL SUSY transformations of a (Majorana) NG fermion ψ and a
vierbein eaµ generated by a global spinor parametar ζ are given by
‡
δQψ =
1
κ
ζ − iκ(ζ¯γµψ)∂µψ,
δQe
a
µ = 2iκ(ζ¯γ
νψ)∂[µe
a
ν] (1)
with κ being a constant whose dimension is (mass)−2 and ∂[µe
a
ν] = (1/2)(∂µe
a
ν −
∂νe
a
µ). The NL SUSY transformations (1) satisfy closed off-shell commutator alge-
bra,
[δQ(ζ1), δQ(ζ2)] = δGL(4R)(Ξ
µ). (2)
In Eq.(2), δGL(4R)(Ξ
µ) means a general coordinate transformation with a parameter,
Ξµ = 2(iζ¯1γ
µζ2 − ξν1ξρ2eaµ∂[νeaρ]), (3)
where ξµ = −iκζ¯γµψ.
‡Minkowski spacetime indices are denoted by a, b, ... = 0, 1, 2, 3 and four dimensional curved
spacetime indices by µ, ν, ... = 0, 1, 2, 3. We use the Minkowski spacetime metric 1
2
{γa, γb} = ηab =
(+,−,−,−) and σab = i
4
[γa, γb].
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Eq.(1) induces the general coordinate transformation of a unified vierbein waµ
which is defined in terms of ψ and eaµ as
waµ = e
a
µ + t
a
µ (4)
with taµ = −iκ2ψ¯γa∂µψ; namely, the waµ transforms as
δQw
a
µ = ξ
ν∂νw
a
µ + ∂µξ
νwaν (5)
under Eq.(1), and it has the role of the vierbein defined on an extended curved
(SGM) spacetime where the NG fermion (superon) d.o.f., ψ, are attached as coset
space Grassmann coordinates (i.e., the fundamental d.o.f.) of superGL(4R)/GL(4R)
at every Riemann spacetime point inspired by NL SUSY. Therefore, as an analogy
with the geometrical arguments of GR on Riemann spacetime, the EH type SGM
action in terms of waµ (and its inverse
§ wa
µ), which is invariant under the global
NL SUSY transformations (1), is defined [3] on the SGM spacetime by
SSGM = − c
3
16πG
∫
d4x|w|(Ω + Λ), (6)
where |w| = detwaµ, Ω is a scalar curvature defined in terms of waµ, and Λ is
a cosmological constant. Although the SGM action (6) appalently has the simple
form, the expansion of Eq.(6) in terms of eaµ and ψ possesses a very complicated
and rich structure [4], i.e., it is schematically expressed as
SSGM = SEH + ( SVA + [ higher derivative terms of the NG fermion ] )
+[ interactions of graviton and the NG fermion ], (7)
where SEH means the ordinary EH action of GR and SVA is the VA action [6] for
the NL realization of SUSY in flat spacetime given by
SVA(ψ) = − 1
κ2
∫
d4x |wVA|
= − 1
κ2
∫
d4x
[
1 + taa +
1
2
(taat
b
b − tabtba)
− 1
3!
ǫabcdǫ
efgdtaet
b
f t
c
g − 1
4!
ǫabcdǫ
efghtaet
b
f t
c
gt
d
h
]
(8)
§The inverse wa
µ in terms of eaµ and ψ terminates at O(t
4) as wa
µ = ea
µ − eaνtbνebµ +
ea
νtbνeb
ρtcρec
µ − eaνtbνebρtcρecσtdσedµ + eaνtbνebρtcρecσtdσedκteκeeµ by means of ψn = 0 for
n ≥ 5.
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with |wVA| = det(δab + tab) and tab = −iκ2ψ¯γa∂bψ. Eq.(7) indicates that the v.e.v.
of the SGM action in terms of graviton and the NG fermions is different from that
of the ordinary EH action of GR. In other words, a (geometrical) SSB of the SGM
action (6) to the interacting system of graviton and the NG fermions at the early
universe is encoded in our SGM scenario. Also, it can be understood from eaµ → 0
in Eq.(6) that the Λ is a small cosmological constant related to the strength of the
superon-vacuum coupling constant κ as
κ2 = (
c3Λ
16πG
)−1 (9)
which is just the fundamental volume in four dimensional spacetime of the VA model
and gives the mass scale 1/
√
κ for the SSB [10, 11].
Besides the NL SUSY defined by Eq.(1), the SGM action (6) is invariant ¶ under
the ordinary local GL(4R) and the following local Lorentz transformations on waµ,
δLw
a
µ = ǫ
a
bw
b
µ (10)
with the local parameter ǫab = ǫ[ab](x) or equivalently on ψ and e
a
µ
δLψ = − i
2
ǫabσ
abψ,
δLe
a
µ = ǫ
a
be
b
µ − κ
2
4
ǫabcdψ¯γ5γdψ ∂µǫbc, (11)
which form a closed algebra [4].
Here we note that the NG fermion (superon) coordinate d.o.f. can be gauged
away neither by the ordinary GL(4R) transformations nor by the local spinor trans-
lation, e.g., δηψ(x) = η(x), δηe
a
µ(x) = iκ
2(η¯(x)γa∂µψ(x)+ψ¯γ
a∂µη(x)), for w
a
µ(e, ψ)
of Eq.(4) is an invariant quantity under this transformation (for example, see Ref.[17]
for further details).
Towards the linearization of NL SUSY (1) to find a L supermultiplet with the
spontaneously broken global SUSY which is equivalent to the NL SUSY SGM action
(6), we consider the application of the sytematic procedure for linearizing NL SUSY
in [7, 9] to the curved (SGM) spacetime. Although the linearized theory of SGM is
unknown, it is expected to be a broken SUSY SUGRA-like theory containing gravi-
ton and a (massive) spin-3/2 field for N = 1 SUSY. Therefore, we assume in this
letter that
¶For N = 10 SUSY, the action (6) also has the global SO(10) symmetry.
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(a) graviton is not composite (at the leading order, at least) of the NG fermion
corresponding to the vacuum of a Clifford algebra in both NL and L theories
and
(b) the NL SUSY SGM multiplet (eaµ, ψ) should be connected to a L SUSY com-
posite supermultiplet (eaµ, λµ(e, ψ), auxiliary fields(e, ψ)) with λµ being a massive
spin-3/2 (Majorana) field.
Let us define a superspace parameterized by superspace coordinates (xµ, θ),
where θ means a Grassmann coordinate. We also denote superfields by Φ(xµ, θ),
which is supposed to be, e.g., those used in the superspace formalism of N = 1
SUGRA (for example, see [14, 15, 18]) describing the L supermultiplet of (eaµ, λµ,
auxiliary fields). In the linearization of NL SUSY in flat spacetime [7, 9], it is
crucial to find superfields which transform homogeneously according to the ordi-
nary superspace translations under the NL SUSY transformations of VA [6]. In the
same way, in order to find superfields which transform homogeneously according to
a certain superspace translation under the NL SUSY transformations (1), we first
introduce the following modified superspace translations of (xµ, θ) depending on the
NG fermion, which are generated by a spinor parameter ǫ,
x′µ = xµ + iǫ¯γµθ − κ2θ¯γνψ ǫ¯γρψ eaµ∇νeaρ,
θ′ = θ + ǫ, (12)
where ∇µ is the covariant derivative with respect to the spacetime indices, i.e.,
∇µeaν = ∂µeaν+{νρµ}eaρ with the Christoffel symbol {νρµ}. Note that Eq.(12) reduces
to the ordinary superspace translations in flat spacetime by taking the limit of eaµ →
δaµ. Here we also mention that the NL SUSY transformation of ψ in Eq.(1) is derived
from Eq.(12) on a hypersurface in the superspace defined by θ = κψ(x); namely, the
superspace translations (12) on θ = κψ(x) by the global spinor parameter ζ become
x′µ = xµ + iκ ζ¯γµψ(x),
ψ′ = ψ +
1
κ
ζ, (13)
which mean δQψ in Eq.(1).
Replacing the parameter ǫ in Eq.(12) by −κψ(x), we second define specific su-
pertranslations as
x′µ = xµ − iκ ψ¯γµθ,
θ′ = θ − κψ, (14)
which are just a curved spacetime version of the specific supertranslations introduced
in [7, 9]. Then we can prove that superfields defined on (x′µ, θ′) of Eq.(14) transform
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homogeneously according to the modified superspace translations (12) by the global
spinor parameter ζ under the NL SUSY transformations (1); indeed, when we denote
superfields on (x′µ, θ′) by
Φ(x′µ, θ′) = Φ˜(xµ, θ; eaµ(x), ψ(x)), (15)
the superfield Φ˜ transforms as
δζΦ˜ = δζΦ(x
′µ, θ′)
=
∂Φ
∂x′µ
δζx
′µ +
∂Φ
∂θ′
δζθ
′
=
∂Φ
∂x′µ
{i ζ¯γµθ′ − κ2 θ¯′γνψ ζ¯γρψ eaµ∇νeaρ − iκ(δQψ¯γµθ + ψ¯γaθ δQeaµ)}
+
∂Φ
∂θ′
(ζ − κ δQψ)
= ξν
[
∂Φ
∂x′µ
{δµν − iκ∇ν(ψ¯γµθ)}+
∂Φ
∂θ′
∂θ′
∂xν
]
= ξµ∂µΦ˜, (16)
where we have used the general covariant relation, dx′µ = dxµ +∇ν(ψ¯γµθ)dxν . As
in the case of flat spacetime [7, 9], Eq.(16) means that the components of Φ˜ do not
transform into each other, ‖ and so we expect that conditions,
components of Φ˜ = constant, (17)
give SUSY invariant relations which connect a L SUSY action with the SGM one of
Eq.(6), although rather implicitly.
In order to materialize explicitly Eq.(17) for a specific N = 1 SGM case, we have
to investigate a (L) supermultiplet which realize the modified supertranslations (12)
in the superspace formalism. Therefore, as a preliminary to find the (L) supermul-
tiplet, we further discuss in this letter on the realization of the modified superspace
translations (12) in the construction of a SUGRA-like theory by following the su-
perspace formalism of WZ [14, 15] for N = 1 SUGRA [16]. In particular, we find
constraints on a torsion and a Lorentz transformation’s parameter in the superspace
formalism to realize Eq.(12) as explained later. We use the two-component spinor
notation and superspace indices in Ref.[15] below, i.e., spinor indices are denoted
‖Note that the commutator of the homogeneous transformation (16) forms a closed algebra,
[δζ1 , δζ2 ]Φ˜ = Ξ
µ∂µΦ˜.
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by α, β, ... = 1, 2 and α˙, β˙, ... = 1, 2, while superspace indices by M,N, ...(= µ, α, α˙)
which are called as Einstein indices and by A,B, ...(= a, α, α˙) which are called as
Lorentz indices. For more details of the notations and conventions see Ref.[15].
Let us write superspace coordinates as zM defined by
zM = (xµ, θα, θ¯α˙), (18)
and express Eq.(12) as the coordinate transformations of zM ,
z′M = zM − ξM(z; eaµ(x), ψ(x)). (19)
In the superspace formalism of N = 1 SUGRA [14, 15], a vielbein one-form,
EA = dzMEM
A(z) (20)
with a vielbein field EM
A (and its inverse EA
M), which specifies the vierbein eaµ
and the spin-3/2 field (λαµ, λ¯α˙µ), is introduced based on the superspace coordinates
zM . A connection one-form is also introduced as
φA
B = dzMφMA
B (21)
with a connection φMA
B. Note that the φMAB have the following property for the
Lorentz indices, ∗∗
φMAB = −(−)abφMBA. (22)
Torsion and curvature two-forms, TA andRA
B, are defined as the covariant derivative
of EA and φA
B, i.e.,
TA = dE
A + EBφB
A =
1
2
dzMdzNTNM
A,
RA
B = dφA
B + φA
CφC
B =
1
2
dzMdzNRNMA
B. (23)
The transformation properties of EM
A and φMA
B which corresponds to the gen-
eral coordinate transformation with the paramater ξM(z) and the Lorentz transfor-
mation with a parameter LA
B(z) in the superspace formalism, are ††
δEM
A = −ξL∂LEMA − (∂MξL)ELA + EMBLBA
= −DMξA − ξBTBMA + (−)(m+b)cξCEMBφCBA + EMBLBA, (24)
∗∗The a, b in (−)ab take values 0 or 1, depending on whether the superspace indices are vector
or spinor indices.
††We consider the case of LB
A 6= −ξCφCBA in our formulation, which is a different point from
Ref.[14, 15].
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with DMξA = ∂MξA + (−)mbξBφMBA, and
δφMA
B = −ξL∂LφMAB − (∂MξL)φLAB +φMACLCB − (−)m(a+c)LACφMCB − ∂MLAB.
(25)
In the above vielbein formalism of the superspace, the vierbein and the spin-3/2
fields (eaµ, λ
α
µ, λ¯α˙µ) are realized in the θ = θ¯ = 0 components of the vielbein.
Indeed, the EM
A |θ=θ¯=0 is gauged into the form [15],
EM
A |θ=θ¯=0=


eaµ
1
2
λαµ
1
2
λ¯α˙µ
0 δαβ 0
0 0 δα˙
β˙

 , (26)
by using the d.o.f. of higher components of ξA in DαξA and D¯α˙ξA of Eq.(24). The
inverse EA
M |θ=θ¯=0 is obtained as
EA
M |θ=θ¯=0=


ea
µ −1
2
λαa −12 λ¯α˙a
0 δβ
α 0
0 0 δβ˙ α˙

 . (27)
On the other hand, the θ = θ¯ = 0 components of the connection are given by [15]
φαA
B(z) |θ=θ¯=0= 0 = φα˙AB(z) |θ=θ¯=0,
φµA
B(z) |θ=θ¯=0= ωµAB(x), (28)
where φαA
B |θ=θ¯=0 and φα˙AB |θ=θ¯=0 have been gauged away by using the higher
components of LA
B in ∂αLA
B and ∂α˙LA
B of Eq.(25).
Here we focus on δEM
A |θ=θ¯=0 which describes global SUSY transformations of
(eaµ, λ
α
µ, λα˙µ) by setting θ = θ¯ = 0 components of the parameter ξ
A as
ξa(z) |θ=θ¯=0= 0,
ξα(z) |θ=θ¯=0= ζα, ξ¯α˙(z) |θ=θ¯=0= ζ¯α˙, (29)
As for the parameter LA
B which appears in Eq.(24) (and also in Eq.(25)), we consider
tentatively the case of LA
B(z) |θ=θ¯=0 6= 0 in order to realize the modified supertrans-
lations (12) in ξa at O(θ1, θ¯1). Indeed, this ξa |(θ1,θ¯1) have to be chosen to preserve
the gauge for EM
A |θ=θ¯=0, i.e., we consider the conditions,
0 = δEα
a |θ=θ¯=0= ( −∂αξa − ξβTβαa − ξ¯β˙T β˙αa + Lαa ) |θ=θ¯=0,
0 = δEα˙a |θ=θ¯=0= ( −∂α˙ξa − ξβTβα˙a − ξ¯β˙T β˙α˙a + Lα˙a ) |θ=θ¯=0 . (30)
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Then we find constraints on the torsion and the Lorentz parameters at θ = θ¯ = 0,
which satisfy Eq.(30) and realize Eq.(12) at the same time. For example, if we take
values for the torsion as
T β˙α
a |θ=θ¯=0 = 2iσaαβ˙ = Tαβ˙a |θ=θ¯=0,
Tβα
a |θ=θ¯=0 = 0 = T β˙α˙a |θ=θ¯=0 (31)
which are same as those in [14, 15], while for the Lorentz parameters as
Lα
a |θ=θ¯=0 = 2κ2σναα˙ψ¯α˙(ψβσρββ˙ ζ¯ β˙ − ζβσρββ˙ψ¯β˙)∇νeaρ = Laα |θ=θ¯=0,
Lα˙a |θ=θ¯=0 = −2κ2(ψβσρββ˙ ζ¯ β˙ − ζβσρββ˙ψ¯β˙)ψασναα˙∇νeaρ = Laα˙ |θ=θ¯=0, (32)
then Eqs.(31) and (32) lead to the ξa |(θ1,θ¯1) as
ξa |(θ1,θ¯1)= 2i(θσaǫ¯− ǫσaθ¯) + 2κ2(θσνψ¯ − ψσν θ¯)(ψσρǫ¯− ǫσρψ¯)∇νeaρ, (33)
which corresponds to the modified supertranslations (12). We note that global
SUSY transformations of the vierbein eaµ and the spin-3/2 fields (λ
α
µ, λ¯α˙µ), which
are derived from δEM
A |θ=θ¯=0 in Eq.(24), obviously depend on the NG fermion ψ
through the constraints (32) for the Lorentz parameters. This fact indicates that
in the linearization scenario of this letter the (L) supermultiplet for N = 1 SUSY
based on the constraints (31) and (32) is a SUGRA-like multiplet coupled to the
NG fermion ψ, in which the ψ is expected to be absorbed into the londitudinal
components of massive spin-3/2 fields, e.g., by means of the local spinor translations
of ψ in SGM. The coupling of NL SUSY with SUGRA has been achieved in a
local SUSY invariant way by using a constrained chiral superfield [19] or by a VA
superfield [20] constructed from the NG fermion. However, whether N = 1 SGM is
completely equivalent to the theory of their works (up to the structure of auxiliary
fields) has not yet known, for the VA model of NL SUSY [6] is equivalent to a scalar
supermultiplet [5] and on the other hand it is also equivalent to a (axial vector)
gauge supermultiplet [12] as shown in the flat spacetime case [7]-[10] for N = 1
SUSY. Therefore, the relation between the theory in [19, 20] and N = 1 SGM based
on the global NL SUSY transformations (1) yet to be investigated.
Finally, we summarize our results as follows. In this letter, by following the sys-
tematic procedure [7, 9] to linearize NL SUSY in flat spacetime, we have considered
the application of its procedure to curved (SGM) spacetime for N = 1 SUSY to-
wards the linearization of NL SUSY of Eq.(1) in SGM. Indeed, we have introduced
modified superspace translations (12) of the superspace coordinates and their spe-
cific coordinate transformations (14) both depending on the NG fermion, and we
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have shown that they lead to the homogeneous transformation’s law (16) which is
important in the relation between L and NL SUSY. Furthermore, as a preliminary
to prove explicitly that the conditions (17) lead to SUSY invariant relations which
connect a L SUSY action with the SGM one of Eq.(6), we have also discussed on
the realization of the modified superspace translations (12) in the construction of
a SUGRA-like multiplet by following the superspace formalism of WZ [14, 15] for
N = 1 SUGRA [16]. In particular, we have found that constraints on the torsion and
the Lorentz transformation parameter at O(θ0, θ¯0) which satisfy the conditions (30),
e.g., Eqs.(31) and (32), realize the modified supertranslations (12) in the parame-
ter ξa at O(θ1, θ¯1) as shown in Eq.(33). A SUGRA-like action coupled to the NG
fermion ψ which is invariant under global SUSY transformations and the analogous
mechanism to the super-Higgs one [21] in the action are now under investigation to
materialize Eq.(17).
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